Acute hypoxia, sensed by the peripheral and medullary chemoreceptors (Marshall, 1994; Reis et al. 1994) , is a powerful activator of the sympathetic nervous system as reflected by the increase of systemic and regional sympathetic tone during acute hypoxia. Hypoxia-mediated sympathetic activation is currently envisaged as a defence mechanism to assure O 2 supply to critical organs by means of raising cardiac output and regulating regional conductances (Rowell et al. 1989; Leuenberger et al. 1991; Duplain et al. 1999; Calbet, 2000) . In contrast, hypoxia either directly, or through its metabolic effects, causes vasodilatation in most vascular beds, such that sympathetic tone should be increased to avoid exaggerated vasodilatation and hypotension (Hilton & Eichholtz, 1925; Rowell et al. 1989; Laughlin et al. 1996) . Elevated sympathetic activity has also been reported in patients with chronic hypoxaemia (defined as a low arterial pressure of O 2 (P a, J)) (Heindl et al. 2001) , as well as in patients with sleep apnoea who are intermittently hypoxaemic (Imadojemu et al. 2002) . However, the effect that prolonged exposure to hypoxia has on global and regional sympathetic activity in the healthy human remains unknown. It is also unknown to what extent the sympathetic discharge to the skeletal muscle vascular bed contributes to the overall sympathetic activity.
Increased sympathetic activation has been reported in classical studies in which the effect of chronic hypoxia on sympathetic function in man has been generally assessed through the determination of catecholamine concentrations in urine, venous plasma and, to a lesser extent, in arterial plasma (Rostrup, 1998) . However, measurement of urinary excretion of either catecholamines or their metabolites is rather non-specific and is currently considered largely obsolete as a test of human sympathetic nervous system activity (Esler, 2000) . As a test of sympathetic activity, plasma noradrenaline (NA) concentration has two major limitations. The first is that no indication is provided on regional sympathetic activation when it is well known that sympathetic nervous system responses show regional differentiation (Esler et al. 1984; Esler, 2000) . A second drawback is that plasma noradrenaline is a poor index of sympathetic tone because the noradrenaline plasma concentration is determined not only by the rate of its release but also by the rate at which it is removed from the circulation (Esler, 2000) . A better alternative to assess systemic and regional sympathetic nervous function is the determination of noradrenaline spillover rate based on the isotope dilution method (Esler et al. 1984) .
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Chronic hypoxia is associated with elevated sympathetic activity and hypertension in patients with chronic pulmonary obstructive disease. However, the effect of chronic hypoxia on systemic and regional sympathetic activity in healthy humans remains unknown. To determine if chronic hypoxia in healthy humans is associated with hyperactivity of the sympathetic system, we measured intra-arterial blood pressure, arterial blood gases, systemic and skeletal muscle noradrenaline (norepinephrine) spillover and vascular conductances in nine Danish lowlanders at sea level and after 9 weeks of exposure at 5260 m. Mean blood pressure was 28 % higher at altitude (P < 0.01) due to increases in both systolic (18 % higher, P < 0.05) and diastolic (41 % higher, P < 0.001) blood pressures. Cardiac output and leg blood flow were not altered by chronic hypoxia, but systemic vascular conductance was reduced by 30 % (P < 0.05). Plasma arterial noradrenaline (NA) and adrenaline concentrations were 3.7-and 2.4-fold higher at altitude, respectively (P < 0.05). The elevation of plasma arterial NA concentration was caused by a 3.8-fold higher whole-body NA release (P < 0.001) since whole-body noradrenaline clearance was similar in both conditions. Leg NA spillover was increased similarly (w 3.2, P < 0.05). These changes occurred despite the fact that systemic O 2 delivery was greater after altitude acclimatisation than at sea level, due to 37 % higher blood haemoglobin concentration. In summary, this study shows that chronic hypoxia causes marked activation of the sympathetic nervous system in healthy humans and increased systemic arterial pressure, despite normalisation of the arterial O 2 content with acclimatisation.
Several adaptations develop in healthy humans whereby, within a few weeks at altitude, the arterial O 2 content (C a, J) values return to levels similar or higher than those observed at sea level (Calbet et al. 2003) . If the hyperactivity of the sympathetic system observed in acute hypoxia is caused by reduced C a, J, sympathetic activity should be attenuated or normalised as the acclimatisation to altitude progresses. In contrast, Hansen & Sander (2003) have recently shown enhanced sympathetic nerve activity in healthy humans as demonstrated by microneurographic recordings of the vascular sympathetic fibres of the peroneal nerve after 4 weeks of residence at 5260 m of altitude. Several aspects were not clarified in the study of Hansen & Sander (2003) . Firstly, the contribution of skeletal muscle sympathetic overactivity to systemic sympathetic activation. Secondly, the influence of sympathetic overactivity on systemic and peripheral haemodynamics. Finally, it remains to be ascertained if, after a more prolonged sojourn at altitude and hence better acclimatisation, enhanced blood haemoglobin concentration and higher P a, J (Calbet et al. 2003) , sympathetic activity still remains elevated.
To test the hypothesis that systemic and skeletal muscle sympathetic activity are normalised after prolonged acclimatisation at high altitude, the systemic and skeletal muscle noradrenaline spillover was measured in nine healthy Danish lowlanders at sea level and after 9 weeks of exposure at 5260 m. In addition, the arterial blood gases and acid-base balance were also assessed to determine their potential influence on sympathetic activity. Finally, blood pressure, systemic and leg vascular conductances, as well as O 2 transport were also measured to determine the functional repercussions of any possible alteration of sympathetic tone caused by chronic hypoxia.
METHODS

Subjects
Nine Danish lowlanders (four females and five males) volunteered to participate in these studies. Their mean (± S.E.M.) age, height and weight were 24.3 ± 0.5 years, 176 ± 3 cm and 74 ± 4 kg, respectively. Six of these subjects also participated in the experiments carried out by Hansen & Sander (2003) after 4 weeks of residence at 5260 m of altitude. All subjects were physically active and had a normal resting ECG, as well as normal liver, kidney and thyroid function. Fasting plasma glucose and electrolyte concentrations, in addition to resting blood pressure and blood pressure response to an incremental exercise test to exhaustion, were also normal. Their blood haemoglobin concentration ([Hb] ) was also into the normal range in males and females (145 ± 4 and 124 ± 3 g l _1 ). Plasma concentrations of ferritin at the beginning of the experiment were 69 ± 19 and 22 ± 8 mg l _1 , while plasma transferrin concentrations were 31.3 ± 0.6 and 33.0 ± 1.4 mmol l _1 in the males and females, respectively. The subjects were informed about the procedures and risks of the study before giving written informed consent to participate as approved by the Copenhagen-Fredriksberg Ethical Committee.
General procedures and experimental protocol
The present study was conducted at altitude after 9 weeks residence at 5260 m on Mount Chacaltaya (Bolivia). Approximately 7-10 days later, the subjects returned to Copenhagen and after 6-9 months of residence at sea level the measurements were repeated under normoxic conditions. An 18 gauge catheter (Hydrocath, Ohmeda, Swindon, UK) was inserted, under local anaesthesia (2 % lidocaine (lignocaine)), into either the right or left femoral vein, 2 cm below the inguinal ligament and advanced 7 cm distally for venous sampling and injection of cold saline. A thin polyethylene-coated thermistor (model 94-030-2.5F, T. D. Probe, Edwards Edslab, Baxter, Irvine, CA, USA) was then inserted 3 cm below the inguinal ligament and advanced proximally 10 cm into the same femoral vein. An 18 gauge catheter was also placed into the femoral artery 2 cm below the inguinal ligament for arterial sampling and blood pressure measurement. An additional catheter was placed in a vein in the left forearm for the injection of the cardio-green dye.
After a rest period of 15 min in the supine position a priming bolus of 30 mCi of tritiated NA (I- [7, H]NA, specific activity 36.0 Ci mmol _1 at 1.0 mCi ml _1 , TRK584, Nycomed Amersham, Buckinghamshire, UK) was administered over 5 min followed by a constant infusion at 0.7 mCi min _1 , delivered with a Harvard infusion pump (Harvard pump, Harvard Apparatus, Millis, MA, USA). Femoral arterial and venous samples were obtained 10, 15 and 20 min after the start of the constant infusion. Femoral venous blood flow (i.e. leg blood flow) was measured in the femoral vein by constant-infusion thermodilution (Andersen & Saltin, 1985) , before and immediately after the withdrawal of each blood sample. Cardiac output was measured by indocyanine green (ICG, Akorn Inc., IL, USA) dye dilution (Dow, 1956) at the end of the constant infusion period. Intra-arterial blood pressure was monitored continuously by a disposable transducer (T100209A, Baxter, Unterschleissheim, Germany) placed at the level of the left atrium. A 3-lead electrocardiogram was measured and displayed on a monitor during the catheterisation phase and the experimental period. The blood pressure transducer and the ECG electrodes were interfaced with a monitor (Dialogue 2000, Danica, Copenhagen, Denmark), which was, in turn, connected to the data acquisition system (MacLab 16/s ADInstruments, Sydney, Australia). Systolic, diastolic and mean arterial pressures were computed from the recorded pressure wave.
Blood haemoglobin concentration ([Hb]) and O 2 saturation (SJ)
were measured with a co-oximeter (OSM 3 Hemoximeter, Radiometer, Copenhagen, Denmark). PJ, P C J, pH, HCO 3 _ , and actual base excess (BE) were determined with a blood gas analyser (ABL 5, Radiometer). Plasma blood lactate levels were measured with an electrolyte metabolite analyser (EML 105, Radiometer). Plasma noradrenaline (NA) and adrenaline concentrations were determined by HPLC with electrochemical detection (Hallman et al. 1978) . Total body NA clearance and spillover to plasma were measured with the technique of Esler et al. (1979) as follows: Leg clearance was calculated as: LPF w NA ex . Since NA clearance and spillover at 10, 15 and 20 min of the infusion period were similar, the mean of these three measurements was taken as the representative value.
Statistical analysis
Differences in the measured variables among conditions were assessed with ANOVA for repeated measures, with sex as a between-subjects factor with two levels. Student's paired t test was applied when appropriate to determine if the observed differences between the means were significant or not. Significance was accepted at P < 0.05. Data are reported as means ± S.E.M.
RESULTS
Effects of chronic hypoxia on arterial blood gases and acid-base balance
After 9 weeks at 5260 m P a, J and S a, J were lower than at sea level (Table 1) . However, the effect of hypoxia on O 2 transport was efficiently counterbalanced by a 37 % elevation of blood [Hb] compared with that at sea level (Table 1) . As a result, despite the decreases in P a, J and S a, J, C a, J at rest after acclimatisation at altitude was 21 % higher than it was during normoxia at sea level. As depicted in Table 1 , chronic hypoxia caused a mild respiratory alkalosis (arterial pH = 7.48) that was, in part, metabolically compensated.
Heart rate and blood pressure and vascular conductance
Resting heart rate was increased from 59 ± 1 beats min _1 at sea level to 75 ± 3 beats min _1 (P < 0.001) after 9 weeks of residence at altitude. In contrast, resting cardiac output was not altered by chronic hypoxia (5.48 ± 0.34 and 4.93 ± 0.42 l min _1 , at sea level and after 9 weeks at 5260 m, respectively). As depicted in Fig. 1A , chronic hypoxia resulted in higher blood pressure. Mean blood pressure was 28 % greater at altitude (P < 0.01) due to an enhancement of both systolic (18 % higher, P < 0.05) and diastolic (41 % higher, P < 0.001) blood pressures. The increment of diastolic blood pressure contributed significantly more than systolic blood pressure to the elevation of mean blood pressure. Consequently, systemic vascular conductance was reduced by 30 % at altitude (P < 0.05) (Fig. 1B) . Since leg blood flow was also similar in both conditions, leg vascular conductance tended to be reduced to the same proportion, being 27 % lower at altitude (10.3 ± 1.3 and 7.6 ± 1.4 ml mmHg _1 min _1 , P = 0.10) (Fig. 1B) .
Plasma catecholamine kinetics
Both catecholamines were increased at altitude ( Fig. 2A) . Plasma arterial noradrenaline concentration was 3.7-fold higher at altitude (P < 0.001), while arterial adrenaline was 2.4 times higher (P < 0.05). The elevation of plasma arterial noradrenaline concentration was associated with a 3.8-fold increase in whole-body noradrenaline release (P < 0.001) since whole-body noradrenaline clearance was similar in both conditions (Fig. 2C) . Leg NA spillover was also increased in about the same proportion, with an increase in chronic hypoxia which was 3.2 times the value at sea level (P < 0.05) (Fig. 2B) . Consequently, the contribution of skeletal muscle to whole-body NA spillover was similar at sea level and at altitude. 
DISCUSSION
This study is the first to report that whole-body and skeletal muscle NA spillover are markedly elevated in healthy humans after 9 weeks of residence at an altitude of 5260 m, despite dramatically improved O 2 content induced by acclimatisation due to the enhancement of blood [Hb] . This is in contrast to the hypothesis that systemic and skeletal muscle sympathetic activity are normalised after prolonged altitude acclimatisation. The observed sympathetic overactivity was accompanied by enhanced systemic blood pressure and reduced systemic vascular conductance.
Thus, it appears that the sympathetic nervous system plays an important role in the pathogenesis of hypoxia-induced hypertension.
In agreement with these results, previous studies have shown increased plasma NA concentration after exposures to altitudes greater than 4000 m (Mazzeo et al. 1991 (Mazzeo et al. , 1995 Antezana et al. 1994; Kanstrup et al. 1999) . Noradrenaline plasma concentration doubled and tripled after 24 h and 5 days of residence at 4559 m, respectively (Kanstrup et al. 1999) . More moderate elevations of noradrenaline and adrenaline were reported by Mazzeo et al. (1991 Mazzeo et al. ( , 1995 after 3 weeks at 4300 m. However, a similar period of sojourn at a higher altitude (6542 m, in the Bolivian Andes) resulted in a 3.4 times higher resting plasma noradrenaline concentration than at sea level (Antezana et al. 1994) . In contrast, despite absolute noradrenaline values being three times higher at the barometric pressure equivalent to the summit of Mount Everest, non-significant differences were reported in five subjects who were progressively decompressed during
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Figure 2. Catecholamine kinetics
Arterial plasma catecholamine concentrations and catecholamine kinetics after 9 weeks at 5260 m (4) and 6-9 months after the subjects had returned from the expedition to sea level conditions (5). NA, noradrenaline; * P < 0.05.
Figure 1. Blood pressure and vascular conductances
Arterial blood pressure (BP) and vascular conductances (VC) after 9 weeks at 5260 m (4) and 6-9 months after the subjects had returned from the expedition to sea level conditions (5). * P < 0.05. 40 days in a hypobaric chamber (Young et al. 1992) . This was most likely due to great inter-individual variability. The present study shows that even after a longer period of time at altitude, which resulted in a ~20 % greater arterial O 2 content than at sea level, plasma catecholamine concentrations still remain elevated.
A novel finding of the present investigation is that the increase of arterial plasma NA concentration is caused by enhanced spillover of the neurotransmitter into the bloodstream since NA clearance was unaffected during chronic hypoxia. These findings suggest that skeletal muscle and systemic sympathetic tone are elevated in the healthy human after prolonged exposure to hypoxic environments (Esler et al. 1984; Esler 2000) . The evidence, however, is indirect. In fact, NA spillover may be increased without a change of sympathetic discharge if neuronal reuptake before entering the bloodstream, and/or the rate of enzymatic breakdown of naturally released NA, are reduced during chronic hypoxia (Eisenhofer et al. 1996) . However, during the same expedition, 5 weeks earlier, local sympathetic nerve activity was measured directly by peroneal microneurography in six of the subjects who participated in the present investigation (Hansen & Sander, 2003) . Expressed in bursts per minute, sympathetic nerve activity was three times greater after 4 weeks at 5260 m (Hansen & Sander, 2003) . After 9 weeks permanently at altitude, the magnitude of leg sympathetic overactivity (w 3.2), as assessed by the NA spillover method, agrees amazingly well with that observed 5 weeks earlier by Hansen & Sander (2003) . The later finding suggests that sympathetic overactivity persists at altitude. Even though, as a result of the acclimatisation process, subjects reached C a, J and P a, J values similar to those observed in the natives living in at the same altitude (Wagner et al. 2002) .
A less accentuated elevation in NA spillover has been reported in acute hypoxia (Leuenberger et al. 1991) . Following 20-30 min acute exposure to a level of hypoxia of similar magnitude to that used in the present study, NA spillover was increased by 46 % while NA clearance was reduced by 20 % (Leuenberger et al. 1991) . The present study indicates that altitude acclimatisation results in a restoration of sea level NA clearance while spillover is remarkably elevated, reaching values similar to those reported, for example, in patients with compensated chronic heart failure (Azevedo et al. 2000) . Interestingly, this investigation also demonstrates that skeletal muscle NA spillover is increased during chronic hypoxia in the same proportion as whole-body spillover. Assuming that NA spillover was similar in all skeletal muscles, it can be estimated that the contribution of skeletal muscle NA spillover to whole-body spillover was around 25-30 % at sea level as well at altitude. A similar contribution of skeletal muscle to whole-body NA spillover has been reported in sea level conditions (Esler et al. 1984) .
Previous researchers have shown elevations in resting blood pressure at altitudes greater than 4000 m (Mazzeo et al. 1991; Antezana et al. 1994) . The increment of mean blood pressure observed here is identical to that reported by Mazzeo et al. (1991) . Even though the degree of hypoxaemia was greater in the investigation of Antezana et al. (1994) , resting systolic blood pressure was increased a little less (10 %) than in the present study (18 %), while diastolic blood pressure was only increased by 17 % compared with the 40 % enhancement observed in the current study. Apart from the fact that Antezana et al. (1994) measured blood pressure with a sphygmomanometer, the two main differences between their study and the current investigation are the higher altitude, i.e. the greater level of hypoxia in the subjects studied by Antezana et al. (1994) , and the longer time of exposure to chronic hypoxia in the present study. This indicates that not only may the magnitude of the hypoxic stimulus be an important factor in determining the extent of the hypertensive response (Richalet et al. 1988; Antezana et al. 1994) , the duration of the exposure also appears to be relevant. In fact, during the course of other experiments carried out after 4 weeks of residence in the same facilities, mean blood pressure was increased by 10 mmHg (determined by automated oscillometry; Hansen & Sander, 2003) , while 5 weeks later it was 26 mmHg (determined intra-arterially) greater than at sea level.
However, the question remains: why are sympathetic activity and blood pressure elevated in well-acclimatised healthy humans sojourning at high-altitude? Although the chemoreceptors, in particular the aortic bodies, are also sensitive to low C a, J (Lahiri, 1980) , sympathetic activity appears to rise with acclimatisation notwithstanding improved C a, J resulting from enhanced [Hb] and S a, J, combined with the decrease in the affinity of Hb for O 2 (Calbet et al. 2003) . Despite the overcompensation of C a, J, the partial pressure of oxygen in arterial blood barely improves during acclimatisation (Calbet et al. 2003) . Thus, the persistently lowered P a, J is likely to be the stimulus triggering and maintaining high efferent sympathetic outflow in chronic hypoxia via its action on the peripheral and central chemoreceptors (Gonzalez et al. 1994; Marshall, 1994; Reis et al. 1994; Sun & Reis, 1995) . In fact, investigations conducted with patients suffering from obstructive sleep apnoea have shown increased blood pressure and sympathetic activation dependent on the reduction of P a, J (Narkiewicz et al. 1999; Imadojemu et al. 2002) , thereby supporting a role for intermittent hypoxaemia in the pathogenesis of sympathetic overactivity. The present investigation suggests that a similar mechanism may also operate in healthy humans living at altitude.
In addition to this chemoreflex, several processes may modulate sympathetic activity in chronic hypoxia, such as hyperventilation and feedback from high-pressure and Sympathetic overactivity at altitude J Physiol 551.1 low-pressure baroreceptors. Acclimatisation to hypoxia involves a slow and progressive rise in ventilation, which in turn produces a slow increase in end-tidal PJ, a slow decrease in end-tidal P C J, and a progressive respiratory alkalosis (Clar et al. 1999) . These changes were shown to start within the first few hours of the acclimatisation process (Clar et al. 1999) and were still present after 9 weeks at 5260 m in the current investigation. This increase in ventilation appears to be mediated by the peripheral chemoreceptors, which become more sensitive to hypoxia and CO 2 after a few hours in hypoxia (Dwinell et al. 1997; Fatemian & Robbins 2001) . So it seems reasonable to suggest that the sensitisation of the peripheral chemoreceptors could account for the sympathetic overactivity observed in chronic hypoxia, a mechanism similar to that previously suggested by Trzebski et al. (1982) in mildly hypertensive men.
During the Chacaltaya expedition, however, Hansen & Sander (2003) revealed that breathing 100 % oxygen for 15 min, to eliminate chemoreflex activation, did not attenuate skeletal muscle sympathetic activity. This implies that additional mechanisms must be involved. It may be argued, however, that hyperoxia could fail to decrease sympathetic outflow after altitude acclimatisation, since hyperoxic breathing at altitude is accompanied by an elevation of arterial P a,C J (from 20 to 23 mmHg (van Hall et al. 2001) ). This, in turn, could maintain sympathetic overactivity via stimulation of central chemoreceptors despite hyperoxic inhibition of peripheral chemoreceptors (Xie et al. 2001) . This response could be facilitated in the presence of hypocapnia and high sensitivity to CO 2 as it occurs during altitude acclimatisation (Dwinell et al. 1997) . However, the elevation of P a,C J with hyperoxic breathing appears too small to account for the lack of suppression of sympathetic outflow by hyperoxia at altitude reported by Hansen & Sander (2003) .
In turn, muscle sympathetic nerve activity may be modulated depending on respiratory activity. In the anaesthetised, vagotomised and barodenervated animal, rostral ventrolateral medulla pre-sympathetic neurons and peripheral sympathetic nerves discharge in synchrony with phrenic nerve activity during inspiration and reach their lowest activity during expiration (Boczek-Funcke et al. 1992) . The magnitude of respiratory related sympathetic activity is accentuated with hypercapnia or hypoxia (Dempsey et al. 2002) . The influence of the respiratory pattern on muscle sympathetic nerve activity has been thoroughly studied by Dempsey et al. (2002) . In the intact human, muscle sympathetic nerve activity displays its nadir at peak inspiration (when lung volume is at its peak) and its maximum at peak expiration (when lung volume is at its minimum). When humans breathe at increased tidal volume (with P a,C J clamped at physiological level and without respiratory muscle fatigue) both muscle sympathetic nerve activity and vasoconstrictor tone are attenuated. In contrast to the observations made on experimental animals, ingenious human experiments performed by Dempsey et al. (2002) provided evidence that central respiratory motor output of any magnitude is unlikely to be a significant determinant of sympathetic vasoconstrictor activity. Moreover, Seals et al. (1990) have shown that even 'exercise-like' hyperpnoea does not modify the amount of sympathetic activity per minute. Thus, it is unlikely that chronic hypoxia-induced hyperventilation (data not shown) had an influence on sympathetic activation in our experimental conditions. The elevation of NA spillover at altitude occurred in spite of a marked increase in arterial blood pressure, which should have blunted sympathetic activation through stimulation of arterial baroreceptors (Somers et al. 1991) , unless the baroreceptors have been reset to a higher set point, as described in sleep apnoea patients (Carlson et al. 1996) . In addition, a 15-20 % reduction of circulating blood volume is common at altitude. This has been associated with decreased cardiac filling pressures (Alexander & Grover, 1983) and therefore reduced stimulation of lowpressure baroreceptors. The latter would attenuate negative feedback, allowing for a greater level of sympathoexcitation. However, such a mechanism is unlikely since it has been reported that basal muscle sympathetic nerve activity is not increased after 18 days of 6 deg head-down bed rest, despite 8 % lower plasma volume and 27 % lower pulmonary capillary wedge pressure after bed rest (Pawelczyk et al. 2001) .
Several other factors may have played a role in the elevation of blood pressure with chronic hypoxia; for example, increased blood viscosity, decreased basal release or production of nitric oxide (NO) (Fletcher, 2001) , and increased NO scavenging due to enhanced blood [Hb] (Pawloski et al. 2001) . Blood viscosity increases with haematocrit, therefore the increment of haematocrit observed in the current investigation (9 units) should have caused the relative viscosity to go up by approximately 1 unit. Given the initial haematocrit, an enhancement of blood viscosity close to 20 % would have been expected (Cinar et al. 1999) . According to the Hagen-Poiseuille equation, to maintain resting flow at the same level as before acclimatisation, blood pressure would have had to increase by 20 % or the cross-sectional radius of the vascular system by 4.7 %. The fact that systemic vascular conductance was actually reduced suggests that no vasodilatation occurred as a consequence of the elevation in haematocrit, but rather, chronic hypoxia was associated with increased vasoconstrictor tone.
Despite substantial enhancement of NA release in chronic hypoxia, vascular conductance was only reduced by approximately 30 %, i.e. less than expected for this level of NA spillover (Jie et al. 1987) . Thus, some vasodilating mechanisms, perhaps hypoxia-mediated, must have opposed the action of NA (Weisbrod et al. 2001) , and/or the responsiveness of the vascular smooth muscle fibres to the action of vasoconstrictor agents is partly blunted in chronic hypoxia (Heistad et al. 1972; Doyle &Walker, 1991) .
The dramatic elevation of sympathetic activity and resting blood pressure with chronic hypoxia in healthy humans has some important clinical implications. Human populations living at moderate altitude and many lowlanders travelling to the mountains are potentially exposed to the risk of developing hypertension and sympathetic overactivity. The time needed to restore normal arterial blood pressure and sympathetic activity after altitude exposure remains to be determined. The influence that altitudeinduced sympathetic overactivity may have on concomitant pathologies is unknown. Duplain et al. (1999) have shown that mountaineers prone to high-altitude pulmonary oedema display exaggerated sympathetic vasoconstrictor activation, which may contribute to the enhanced pulmonary hypertensive response to hypoxia in these subjects. The fact that life expectancy is decreased in heart (Kaye et al. 1995) and kidney (Zoccali et al. 2002) failure patients with high NA spillover further emphasises the importance of these findings.
In summary, this study shows that chronic hypoxia causes increased systemic arterial pressure and massive activation of the sympathetic nervous system in healthy humans, despite improved arterial O 2 content with acclimatisation. Strikingly, sympathetic activation reaches levels similar to those observed in chronic heart failure patients. It is particularly important to establish the functional and pathophysiological consequences that may be derived from the chronic hypoxia-induced sympathetic overactivity.
